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Abstract
We consider the possibility of looking for CP-mixing effects in two-Higgs doublet models (and
particularly in the MSSM) by studying the lineshape of the CP-even (H) and CP-odd (A) neutral
scalars. In most cases H and A come quite degenerate in mass, and their s-channel production
would lead to nearly overlapping resonances. CP-violating effects may connect these two Higgs
bosons, giving origin to one-loop particle mixing, which, due to their mass proximity, can be
resonantly enhanced. The corresponding transition amplitude contains then CP-even and CP-odd
components; besides the signal of intereference between both amplitudes, leading to a CP-odd
asymmetry, we propose to look for the mixing probability itself, a quantity which, although CP-
even, can originate only from a CP-odd amplitude. We show that, in general, the effect of such
a mixing probability cannot be mimicked by (or be re-absorbed into) a simple redefinition of the
H and A masses in the context of a CP-conserving model. Specifically, the effects of the CP-
mixing are such that, either the mass-splitting of the H and A bosons cannot be accounted for
in the absence of CP-mixing, and/or the detailed energy dependence of the produced lineshape
is clearly different from the one obtained by redefining the masses, but not allowing any mixing.
This analysis suggests that the detailed study of the lineshape of this Higgs system may provide
valuable information on the CP nature of the underlying theory.
PACS numbers: 11.30.Er,12.60.-i,14.80.Cp
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I. INTRODUCTION
Despite the impressive success of the Standard Model (SM) in describing a plethora of
high-precision experimental data [1], a number of important theoretical issues related to its
structure remain largely unexplored. Perhaps the most prominent among them is the nature
of the very mechanism which endows the elementary particles with their observed masses.
The best established way for introducing masses at tree-level, without compromising renor-
malizability, is the Higgs mechanism [2, 3, 4], where the crucial ingredient is the coupling
of all would-be massive particles to a complex scalar field with a non-vanishing vacuum
expectation value. The most characteristic physical remnant of this procedure is a massive
scalar particle in the spectrum of the theory, the Higgs boson. In addition to the minimal
SM, the Higgs mechanism is employed in many popular new physics scenaria, most notably
in the Minimal Supersymmetric Standard Model (MSSM) and its variants [5], leading to
yet richer scalar sectors. However, to date, neither the Higgs boson of the minimal SM, nor
the additional scalars predicted by its supersymmetric extensions have been observed, and
their discovery and subsequent detailed study is considered as one of the main priorities for
the upcoming collider experiments.
Several of the aforementioned scalars, and especially the “standard” Higgs boson, are
expected to be discovered at the LHC [6]. In addition, in the past few years a significant
amount of technical and theoretical research has been invested in the evaluation of the feasi-
bility and physics potential of muon colliders [7, 8]. Such machines will have the particularly
appealing feature of variable centre-of-mass energy, which will allow the resonant enhance-
ment of s-channel interactions in order to produce Higgs bosons copiously. Thus, muon
colliders are expected to operate as Higgs factories, in the energy range of up to .5 TeV.
Given the additional features of small energy spread and precise energy determination, these
machines offer a unique possibility for studying the line-shape of the SM Higgs boson, and
determining its mass and width with an accuracy of about .1 MeV and .5 MeV, respectively.
In addition, if supersymmetric particles will be discovered at the LHC, then the muon col-
liders would play the role of a precision machine for studying their main properties, such as
masses, widths, and couplings, and delineating their line-shapes [9, 10, 11, 12, 13].
In the two-Higgs doublet models in general [14, 15, 16, 17, 18], and in most SUSY
scenarios in particular [5], the extended scalar sector contains five physical fields: a couple
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of charged Higgs bosons (H±), a CP-odd scalar A, and two CP-even scalars h (the lightest,
which is to be identified with the SM Higgs) and H (the heaviest). The detailed study of
the H-A system is particularly interesting because in most beyond the SM scenarios (such as
SUSY) the masses of these two particles are almost degenerate, and therefore their resonant
production is expected to give rise to nearly overlapping resonances [9].
Specifically, the tree-level mass eigenvalues of the Higgs mass matrices are given by
m2H± = m
2
A +M
2
W ,
m2h,H =
1
2
[
M2Z +m
2
A ∓
√
(M2Z +m
2
A)
2 − 4m2AM
2
Z cos
2 2β
]
, (1.1)
and therefore one will have the tree-level bounds MZ ∈ (mh,MH) and MW < mH± . Fur-
thermore, in the decoupling limit MA ≫ MZ , the neutral sector (tree-level) masses satisfy
the relations [19]
m2h ≈ M
2
Z cos
2 2β,
m2H ≈ m
2
A +M
2
Z sin
2 2β, (1.2)
which, for tan β ≥ 2 (and thus cos2 2β ≈ 1), imply the degeneraciesmh ≈MZ andmH ≈ mA.
In general, the inclussion of radiative corrections is known to modify significantly the
above tree-level relations, mainly due to the large Yukawa coupling of the top-quark. Such
corrections are particularly important for the lower bound on the mass of the lightest Higgs
boson h: for the largest bulk of the parameter space, h is in fact heavier than the Z boson,
and can be as heavy as 130 GeV [20]. It is important to emphasize, however, that the
inclusion of radiative corrections does not lift the mass degeneracy in the H-A system under
consideration, especially in the parameter space region wheremA > 2MZ and tanβ ≥ 2 [21].
In particular, as we will see in detail below, quantum effects do shift the values of mH and
mA, but by amounts that are numerically comparable; as a result, the small mass splitting
between H and A remains still valid (but is not described quantitatively by Eq. (1.2)).
In addition, as was shown by Pilaftsis [22], the near degeneracy of the H-A system may
give rise to a resonant enhancement of CP violation due to particle mixing. Specifically, if
the CP symmetry is exact, the H cannot mix with A, at any given order. However, in the
presence of a CP-violating interactions [23, 24, 25, 26, 27, 28, 29, 30], in addition to a variety
of interesting implications [31], the H can mix with the A already at one-loop level, giving
rise to a non-vanishing mixing self-energy ΠHA(s). Such mixing, in turn, can be measured
3
0 5 10 15 20 25 30 35 40 45 50
446
448
450
452
454
456
0 5 10 15 20 25 30 35 40 45 50
440
444
448
452
456
-150 -100 -50 0 50 100 150
0
2
4
6
8
10
-150 -100 -50 0 50 100 150
0
4
8
12
16
20
|µ| = 1 TeV
φ = 0
φ = 30◦
φ = 90◦mH
mA
m
A
,
m
H
tanβ
|µ| = 1.5 TeV
φ = 0
φ = 30◦
φ = 90◦
mH
mA
m
A
,
m
H
tanβ
|µ| = 1 TeV
tβ = 3
tβ = 4
tβ = 5
tβ = 7
tβ = 10
tβ = 20
m
H
−
m
A
φ
|µ| = 1.5 TeV
tβ = 3
tβ = 4
tβ = 5
tβ = 7
tβ = 10
tβ = 20m
H
−
m
A
φ
FIG. 1: The mass spectrum of the H − A system in the MSSM with and without CP-breaking
effects. Upper panels: the variation of mA and mH as a function of tan β, for different values of
φ and |µ|; Lower panels: the variation of δm = mH −mA as a function of φ, for different values
of tan β and |µ| (spikes appearing in the lower panels are code artifacts and should be ignored).
through the study of appropriate CP-odd observables, such as left-right asymmetries. As has
been explained in [22], in general the CP-violating amplitude is particularly enhanced near
resonace, if the two mixing particles are nearly degenerate, a condition which is naturally
fullfilled in the H-A system. Furthermore, the mixing between H and A has an additional
profound effect for the two masses: the near degeneracy of the two particles is lifted, and
the pole masses move further apart [32]; as a result, the originally overlapping resonances
of the CP-invariant theory tend to be separated.
Using the code CPsuperH [33], one can study the H − A system mass spectrum in the
CP-invariant (φ = 0) and CP-breaking (φ 6= 0) limits of the MSSM. For our purposes
we have assumed (motivated by SUGRA models) universal squarks soft masses M0 (with
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M0 = .5 TeV), trilinear couplings A (with |A| = 1 TeV) and CP breaking phases φA = φ,
with the MSSM µ parameter real and varying between 1.0 and 1.5 TeV. Finally we set
mH± = .4571 TeV which sets the tree-level mass of the CP-odd Higgs at the value of .450
TeV. In the first two panels of Fig. 1, we plot the neutral CP-even and CP-odd scalar
masses as a function of tan β for three values of the CP-breaking phase and two different
values of µ (|µ| = 1 TeV in the left panel, while |µ| = 1.5 TeV in the right one). When the
CP-breaking phases are absent (black continuous curves), the H-A resonance can be clearly
seen at tan β = 5 and tanβ = 4 respectively. The degeneracy is lifted when the phases
are switched on (blue dashed-dotted and red dahsed curves, corresponding to φ = 30◦ and
φ = 90◦ degrees, respectively), their effect becoming rapidly smaller for larger tanβ values:
from tanβ ∼> 20 they cannot be disentangled from radiative effects calculated in the CP-
invariant limit of the theory. A more in depth view of how the CP-breaking phases affect
the H-A mass spectrum can be achieved by studying the mass difference δm = mH −mA
versus φ for different values of tan β, as it is shown in the two lower panels of Fig.1 (as
before, |µ| = 1 TeV in the left panel, while |µ| = 1.5 TeV in the right one). In both cases we
see that when tanβ ∼> 20 (orange dotted lines) the difference between the CP-invariant and
CP-breaking case is barely visibile. There are some differences, however, depending on the
value of the µ parameter. For |µ| = 1 TeV, the mass difference shows a maximum around
φ = 100◦; moreover in the CP-invariant limit the mass splitting is bigger for lower values of
tan β. When |µ| = 1.5 TeV, instead, δm has no maximum and in the CP-invariant limit the
splitting is bigger for larger tan β values.
The above analysis suggests that, when studying the lineshape of the H-A system, one
may envisage two, physically very different, scenarios. In the first one, the CP symmetry is
exact, with the position of resonances determined by Eq.(1.2) plus its radiative corrections;
the relative position between the two resonance will then specify tan β. In the second
scenario, CP is violated, resulting in mixing at one-loop level between CP-even and CP-odd
states wich translates into a non-vanishing off-shell transition amplitude ΠHA(s). Then, for
the same mass splitting δm as in the previous case, one may not reach the same conclusion
for the value of tanβ, because one could have started out with the two masses almost
degenerate, corresponding to a different value for tan β (lower or higher depending on the
value of the µ parameter), and the observed separation between mH and mA may be due to
the lifting of the degeneracy produced by the presence of the aforementioned ΠHA(s).
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To address these questions in detail, we then turn to the MSSM, in which the one-
loop mixing between the CP-even and CP-odd Higgs will be due to third-family squarks
circulating in the loop of Fig.2, and study the H-A lineshape, which will be derived explicitly
at one-loop level for general values of ΠHH(s), ΠAA(s), and ΠHA(s). Our main results may be
then summarized as follows. In the cases for which the CP-breaking phases are sizeable (we
will set φ = 90◦ for this case), one can always clearly distinguish between the CP-invariant
and CP-beaking scenarios, either because the mass splitting in the latter case is just too big
for being due to CP-invariant radiative corrections only, or because of the different energy
dependence of the cross section. For smaller values of the CP-breaking phases (say φ = 30◦),
one can still distinguish between the CP-invariant and CP-breaking case only when tan β is
small; when tan β ∼> 10 one cannot tell the two cases apart simply by studying the lineshape.
We therefore conclude that the experimental determination of the Higgs line-shape, in
conjunction with CP-odd asymmetries and other suitable observables, may provide valuable
information for settling the issue regarding CP-mixing effects in two-Higgs models.
II. THE LINE-SHAPE IN THE PRESENCE OF H-A MIXING
In this section we will concentrate on the calculation of the line-shape for the resonant
process µ+µ− → A∗, H∗ → f f¯ in the presence of the CP-violating one-loop mixing diagrams
of Fig.1 (a) between the CP-even (H) and the CP-odd (A) Higgses. The amplitude for such
process can be written as
T = T s + T t = V Pi ∆̂ijV
D
j + T
t, (2.1)
where i, j = A,H , V Pi (V
D
j ) is the production (decay) amplitude of the process µ
+µ− →
i (j → f¯f), ∆̂ij is the propagator matrix in the presence of mixing, and T
t represents
collectively all the t-channel and box diagrams.
The propagator matrix ∆̂ij(s) appearing in the equation above is constructed from self-
energies resummed in the pinch technique framework [34]; they are gauge-independent,
display only physical thresholds, have the correct unitarity, analiticity, and renormalization
group properties, and satisfy the equivalence theorem. In particular, one has
∆̂AA(s) = [s−M
2
H + Π̂HH(s)]∆̂
−1(s),
∆̂HH(s) = [s−M
2
A + Π̂AA(s)]∆̂
−1(s),
6
µ+
µ−
f¯
f
f µ−
µ+f¯
⊗
i j k lH A
(a) (b)
FIG. 2: (a) The one-loop AH mixing responsible for the CP-violating effects. Particles circulating
in the loop may vary according to the model (in our case they are either squarks or heavy Majorana
neutrinos). (b) The cross section for σijkl the resonant process µ
+µ− → A∗, H∗ → f f¯ . In the
resonant region and at the one-loop level the only diagram contributing is the one shown. Notice
that i, j, k, l may be either A or H (with A-H mixing due to the one-loop diagram (a)); however
due to the chirality difference between A and H, the only non-zero combinations are obtained when
i = l and j = k.
∆̂HA(s) = ∆̂AH(s) = −Π̂AH(s)∆̂
−1(s), (2.2)
with ∆̂(s) the determinat of the propagator matrix, i.e.,
∆̂(s) = [s−M2H + Π̂HH(s)][s−M
2
A + Π̂AA(s)]− Π̂AH(s)Π̂HA(s). (2.3)
In the resonant region on which we concentrate here, MA ≈ MH , the t-channel and box
diagrams are subdominant, with T t ≪ T s, and can be safely ignored; moreover, at the one-
loop level, the production and decay amplitudes V Pi and V
D
j coincide with the corresponding
tree-level (model dependent) vertices Γ
(0)
µ+µ−i = χµi and Γ
(0)
jff¯
= χjf . Finally, in the resonant
region, the dispersive (real) part of the self-energies are very small, so that one can neglect
them and concentrate only on their absorptive (imaginary) parts. The cross sections leading
to the lineshape we look for, can then be calculated by just squaring the single diagram
shown in Fig. 2 (b); helicity mismatches limit the possible combinations to the factors
DAAAA(s) =
[
(s−M2H)
2 + (ImΠ̂HH(s))
2
]
D−1(s),
DHHHH (s) =
[
(s−M2A)
2 + (ImΠ̂AA(s))
2
]
D−1(s) ,
DAHHA(s) = D
HA
AH = Π̂
2
AH(s)D
−1(s), (2.4)
7
with
D(s) =
[
(s−M2A)(s−M
2
H)− ImΠ̂AA(s)ImΠ̂HH(s)− Π̂
2
AH(s)
]2
+
[
(s−M2A)ImΠ̂HH(s) + (s−M
2
H)ImΠ̂AA(s)
]2
. (2.5)
In the formulas above, the standard thresholds are given by
ImΠ̂
(ff¯)
HH (s) =
αwN
f
c
8
χ2Hf
m2f
M2W
s
(
1−
4m2f
s
)3/2
θ(s− 4m2f),
ImΠ̂
(ff¯)
AA (s) =
αwN
f
c
8
χ2Af
m2f
M2W
s
(
1−
4m2f
s
)1/2
θ(s− 4m2f ),
ImΠ̂
(V V )
HH (s) =
nV αw
32
χ2HV
M4H
M2W
(
1−
4M2V
s
)1/2
×
[
1 + 4
M2V
M2H
− 4
M2V
M4H
(2s− 3M2V )
]
θ(s− 4M2V ), (2.6)
where, αw = g
2/4π, nV = 2 (respectively 1) for V ≡ W (respectively V ≡ Z), andN
f
c = 1 for
leptons and 3 for quarks. Restoring the couplings, summing over final states and averaging
over initial polarizations, one is then left with the cross-sections
σ(s) =
∑
i,j
σijji(s) =
πα2wm
2
µm
2
b
16M4W
s
∑
i,j
χ2iµχ
2
jbD
ij
ji(s), (2.7)
where we have specialized to the case in which the final fermions are bottom quarks.
III. NUMERICAL RESULTS
In this section we present numerical results for the cross section of Eq.(2.7), in order
to see how CP violating effects through the one-loop mixing of Fig.2 (a) affects the Higgs
line-shape.
As anticipated in the introduction, the MSSM the Higgs sector is composed by two Higgs
doublets (A1, A2) and (H1, H2). After performing an orthogonal rotation by the angles β
(with tanβ = v2/v1 and vi the VEVs of the Higgs doublets) and α (with tanα ∝ tan β),
the doublets end up in the physical basis (G0, A) and (h,H), with masses mA, mh and mH
(G0 turns out to be the true would-be Goldstone boson, absorbed by the longitudinal part
of the Z boson). Here we use the same conventions of [30], to which the reader is referred
for details concerning the model [and the model dependent factor of, for example, Eq.(2.6)].
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It turns out that the AH mixing is dominated by the large CP-violating Yukawa couplings
to the top and bottom squarks, for which one has (see again [30], where all the definitions
of the quantities appearing in the formula below can be found)
ΠHiA(s) =
1
16π2
∑
q=t,b
N qc Im(h
q
1)
{
ris2q
sβv
∆M2q˜
[
B0(s,M
2
q˜1
,M2q˜2)−B0(0,M
2
q˜1
,M2q˜2)
]
+ Re(hqi )
s22q
sβ
[
B0(s,M
2
q˜1
,M2q˜1) +B0(s,M
2
q˜2
,M2q˜2)− 2B0(s,M
2
q˜1
,M2q˜2)
]
+
s2q
sβ
{
(c2qg
L,q
i + s
2
qg
R,q
i )
[
B0(s,M
2
q˜1
,M2q˜2)− B0(s,M
2
q˜1
,M2q˜1)
]
+ (s2qg
L,q
i + c
2
qg
R,q
i )
[
B0(s,M
2
q˜2,M
2
q˜2)−B0(s,M
2
q˜1,M
2
q˜2)
]}}
, (3.1)
with s = q2, and B0(s,m1, m2) the standard Passarino-Veltman function defined as
B0(s,m1, m2) = CUV + 2− ln(m1m2) +
1
s
[
(m22 −m
2
1) ln
(
m1
m2
)
+
√
λ(s,m21, m
2
2) cosh
−1
(
m21 +m
2
2 − s
2m1m2
)]
,
B0(0, m1, m2) = CUV + 1− ln(m1m2) +
m21 +m
2
2
m21 −m
2
2
ln
(
m2
m1
)
, (3.2)
where CUV = 1/ǫ − γE + ln(4πµ
2) is the UV cutoff of dimensional regularization, and
λ(x, y, z) = (x− y − z)2 − 4yz.
As emphasized in [30], the tadpole contribution B0(0,M
2
q˜1
,M2q˜2) is crucial for accomplish-
ing the UV-finiteness of the HiA self-energies in question. Notice also that the ΠHiA(s) given
by (3.1) are real, because, due to the heaviness of the squarks appearing in the loops, no
particle thresholds can open. The CP violating self-energy transition HA is then obtained
through an orthogonal rotation of the above result, giving
ΠHA(s) = − sinα ΠH1A(s) + cosα ΠH2A(s). (3.3)
Notice that hA mixing is also possible, but mh ≪ mA, mH and therefore its contribution is
negligible, since one is far from the resonant enhancement region.
The kinematic regime analized in this section is that where mA > 2MZ and tanβ ≥ 2;
then since tanβ ≈ tanα, Eq.(3.3) reduces to ΠHA(s) ≈ −ΠH1A(s). Also, the rotation angle
of the scalar top and bottom quarks are equal to π/4, i.e. s2q ≈ 1. As already mentioned
before we assume universal squarks soft masses (M˜Q = M˜t = M˜b = M0 = .5 TeV) and
trilinear couplings (At = Ab = A with |A| = 1). Finally mH± will be fixed at the value of
.4571 TeV.
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FIG. 3: The MSSM Higgs lineshape for different values of |µ|, tan β and φ. The black continuous
curves correspond to the CP-invariant limit of the theory (φ = 0◦), while the red dashed one
correspond to the case in which CP-breaking phases have been switched on (with φ = 90◦). Finally,
the dashed-dotted blue curve, when present, correspond to the CP-invariant limit of the theory
re-calculated for a different value of tan β to accommodate the mass-splitting observed in the CP-
breaking case.
For relatively big values of the CP-breaking phase (we set φ = 90◦) our results are shown
in Fig.3.
As anticipated in the analysis carried out in Section I, we can see that as tanβ de-
creases (upper panels, where tan β = 5), the difference between the two line-shapes (the
CP-invariant limit, black continuous curves, and the CP-breaking phase, red dashed curves)
increases, the overlapping resonance get resolved and the two mass peaks are clearly sep-
arated. At this point one can determine directly from the lineshape the new pole mass
of the Higgs bosons, which turn out to be always in good agreement with the masses ob-
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FIG. 4: Same as before but for the CP-breaking phase which is now set to φ = 30◦. Notice that
in the upper left panel, the same masses could have been also reached from a CP-invariant theory
with tan β ∼ 25, which however would give a much higher cross section which is not shown.
tained algebraically by re-diagonalizing the one-loop propagator matrix, i.e. by solving the
characteristic equation ∆(s) = 0, yielding
si = M
2
i − Π̂ii(si) +
Π̂ij(si)Π̂ji(si)
si −M2j + Π̂jj(si)
, (3.4)
where i, j = A,H and i 6= j [32].
In particular, notice that when |µ| = 1.5 TeV(upper-right panel) the mass splitting
δm ∼ 11 GeV and cannot be explained in terms of CP-invariant radiative corrections only,
no matter how big tan β is chosen. In the remaining panels, δm allows for smaller (upper-left
panel, tan β ∼ 2.5) or larger (lower panels, left tan β ∼ 20 and right tan β ∼ 30) values of
tan β which are consequently plotted in th blue dashed-dotted curves. Also in these cases
one can distinguish the CP-invariant and CP-breaking phase of the theory due to the very
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different energy behavior of the cross section; also notice that too lower values of tan β
predicts, in the parameter range chosen here, a too low mass for the lightest Higgs, and
therefore would be in any case excluded (e.g. when tan β ∼ 2.5, mh = 94.8 GeV). For
smaller values of the CP-breaking phase φ we get a somewhat different situation. In Fig.4,
the same set of plots as before is shown for φ = 30◦: for small values of tanβ (upper panels)
it is still possible to discriminate the phase of the theory, while for larger values (lower
panels) the effects of A−H mixing vanishes much more rapidly than in the previous case.
IV. CONCLUSIONS
The CP-even and CP-odd neutral Higgs scalars, H andA, respectively, together with their
charged companions and the “standard” Higgs boson, constitute the extended scalar sector
of generic two-Higgs doublet models, and appear naturally in supersymmetric extensions
of the SM. Therefore it is expected that their discovery and subsequenet study of their
fundamental physical properties should be of central importance in the next decades. In
addition to the LHC, where their primary discovery might take place, further detailed studies
of their characteristics have been proposed in recent years, most notably in the context of
muon-[7, 8] and photon colliders [35, 36].
Of particular interest is the possibility of encountering CP violation in the Higgs sector
of two-Higgs doublet models, induced by the one-loop mixing of H and A. The latter is
produced due to CP-violating (tree-level) interactions of each one of these two Higgs bosons
with particles such as scalar quarks or Majorana neutrinos, to name a few, which will
circulate in the (otherwise vanishing) H-A transition amplitude (Fig.1).
A most appealing feature of the H-A system is that, due to their relative small mass-
difference, possible CP-mixing effects undergo resonant enhancement [22]. Such effect may
be observed in appropriately constructed left-right asymmetries, as proposed in [22]. Since
these observables are odd under CP, a non-vanishing experimental result would constitute
an unequivocal signal of CP violation.
In this paper we have explored the possibility of detecting the presence of CP-mixing
between H and A through the detailed study of the cross-section of the s-channel process
µ+µ− → A∗, H∗ → f f¯ as function of the center-of-mass energy. Although the lineshape is a
CP-even quantity, there are certain characteristics that signal the presence of a CP-violating
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mixing. In the context of the photon colliders, Ref.[36] also discusses both CP-even and CP-
odd observables in terms of photon polarizations.
As has been explained in a series of papers [9, 10, 11, 12, 13], the high-resolution
scanning of the lineshape of this process is expected to reveal two relatively closely spaced,
or even superimposed, resonances, corresponding to the nearly degenerate H and A. As was
recognized in [32], the presence of CP-mixing between H and A modifies the position of the
pole mass, and tends to push the two resonances further apart. Of course, this fact by itself
could not serve as a signal for the presence of CP-mixing; one could simply envisage the
situation where all fundamental interactions are CP-conserving and there is no CP-mixing,
and the masses of H and A assume simply from the beginning their shifted values.
The result of our analysis is very positive and represents, in our opinion, a significant step
in the search of the CP-properties of two scalar-doublet models: either the mass-splitting of
the H and A Higgs boson, in a CP-mixing scenario, cannot be accounted for in absence of
CP-mixing, and/or the detailed energy dependence of the line-shape allows to discriminate
between both scenarios.
Even though in our analysis we have considered only the MSSM due to its phenomeno-
logical relevance, we however expect that our analysis will hold in general for two Higgs
doublet models, independently from the specific type of mechanism which will give rise to
the CP-breaking loops of Fig.2 (a). For example similar results are expected in the case of a
two Higgs doublet model in which the particles circulating in the loop are three generations
of heavy Majorana neutrinos Ni (i = 1, 2, 3) for which the mixing amplitude will be given
by [22]
ΠAH(s) = −
αw s
4π
χAuχHu
3∑
j>i
Im(C2ij)
√
λiλj
[
B0(s/M
2
W , λi, λj) + 2B1(s/M
2
W , λi, λj)
]
,
B1(s,mi, mj) =
m2j −m
2
i
2s
B0(s,mi, mj)− B0(0, mi, mj)−
1
2
B0(s,mi, mj), (4.1)
with λi = m
2
i /M
2
W , and Im(C
2
ij) playing the role of the MSSM CP-breaking phase φ.
Thus, the combined study of CP-odd observables, such as left-right asymmetries, together
with the H-A lineshape, may furnish a powerful panoply for attacking the isssue of CP
violation in two-Higss doublet models.
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